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(57) Abstract: A 3,4-isoprene polymer 
having high stereoregularity, in 
particular, high isotacticity. It is an 
isoprene polymer having structural units 
represented by the general formula (I) 
given in the claims, and is characterized 
in that the isotacticity of the structural 
units is 99 %mmmm or higher in terms 
of pentad content. Also provided is 
a process for producing the isoprene 
polymer, characterized by polymerizing 
an isoprene compound in the presence 
of a polymerization catalyst comprising 
a complex represented by the general 
formula (A) given in the claims. 
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m m * 

[0001] ^mmi^yy^^m^, mci±mmu&jxfoox, t^^^^i^r^— 
Steffi 

[0002] -cyy^m^m^ ^T(D4^(Dm^wmmirj&m-tz> »im^&z> 0 -r&t? 
^ (iv) xmz ti% i , 2%g&mnm:m&vfoz> 0 

[0003] Ukil 




(D (in an*) (iv 1 ) 



[0004] _htBo*it^(D5^, -^(iixmzn&m&mz&mnm^-r^yyu 

;V^r7V-^^J^T;V^^{A\Et -Ti(OC H -n) ) ^cDM^^m^M^^bTffl 

3 3 7 4 

#M) 0 t>5— Oft, FeCl ^^/^r-fXsparteine) ^gafibfclgf^m'^ife^L 

2 

[0005] _htB-^^ d') r^^tb^^m^^^^^^i-^^y^^^m^f*. 
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3o fBS&iSS— o©{W«g|ft»>— ^ii©o<5¥ffi(^Ltii-*ic 

(D^^bTv ^,f5#T£T^yyy^yMi^#: (twb-^^ ( V ) -cmztiz) tm 

[0006] Dfb2] 



JUUUL 




(V) (VI) 

[0007] _htabfc##f^cmi-ete, #^fc^y^u^m^#:^ov>-cT^^^^m^ 

^^>f— ^MLTfE*^$tv-CV^^V\ Ub^oT, _hfE— $M(I')^«lftMf 

##f^i^l:Makromolekulare Chem (1964), 77, pp.126-138. 
##f^ife2:Macromolecules (2003), 36, pp.7953-7958. 

% m *m®:^£5 t-r sum 

[0008] *mWteZ<D£5teVtfcTtt&tifz.t><D-e&Q. TIB-IMG) 

y^r— ^yzfuis^km&Vf (^T^yyy^yy^^^yyVi/^m-^ft: 
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[0009] [^3] 



R 1 




• • • (I) 



[ooio] i-/fe^«0jf*^T^M«9-efe^o 
[ooii] mm 



R 1 




• • • (I) 



[0012] (2) tfrfE-^(i)^^it^R^M^/v*-efc§^^^#m^i-^, (i)^fE«^m 

(l)*fctt(2)fc:lEiW>fi^#o 

(5) W^J^S^5, 000-6, 000, 000-efc3^£#fci-£, (1)-(4)<D 
V vf tt^^-fEgc^m^o 

(6) tie-^ (x) -em$tiz>'(y7ui'%kik&®>&, TfE-^ (a) -e^$^ 
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[0013] [>fb5] 




• • • (X) 



[0014] [>fb6] 



R 4 




• • • (A) 



Zmv, R'ltT/^/H^^L^ R 8 «T y— ^*fcl±T/i^¥/HESr^b, THF tt^ h 

[0015] (7) $IHfB—1$t^ (x) tc*3tt5R 2 dM^/^-Cfc5-tS:4#mt« (6) \zfSM<om 
5, (6)*fett(7)lJ:|B«©jJSi3t*'ifeo 

[0016] [01]||^!jlTl#^^cfi^f*(D 1 H-NMR^^^h/V(DS'J^-¥--h-e^o 
[02]|lifef?UTl#^tL^m^f*O 13 C-NMR^^^h/V(DS!l^-Y— b-efe§ 0 
[|E|3]||^!j4^1#btb^m^f*» I H-NMR^^h/V(DSlJ^^— h^S 0 
[Bl4]||»!j4^#^tLf'm^f*(^ I3 C-NMR^^^h/V(DSy^^^h^§o 
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[0017] *mw<D^yzfu>'&m&f£n, TIE— jftsSKD. (ii), (ni)Xtt(iv)-c^$tb5« 

ir%) &&n<Dit&visfy5Zo mmm± a) - av) \z.^n^nT;v^;vm^.tz.n 

[0018] Wb7] 



[0019] ^wo-Yy^v^m^i^^h^fliat w& (0 <z>. ^m^ft^y^*^ 
) j^m-, #5t^ do - dv) s^sc©jt*-c^^5s 0 #ftt3M&: (i) (D$?vmmz 
mn&K^^xte^mwmmz&^xmzm.w£tix\,^ 0 

[0020] ^mm<D4y^^M&mc^tl%M&miL (I) Fiii?t§\ SS-M (head to taU) 

2 

tt^£e#s 0 ^p^^yyv>-^m^#:^^m§*it^i(i) ra\ 
SrtoTsa^(ibT*3«9, &&is<femT'(y??^y?i£mmL,x\^ 0 mr^y^y^y 




(I) 
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[0021] 



[0022] 



[0023] 



Wb8] 



0*L<f39O%mm£*_L, i«9^L<«95%mm^_h, $fe^0*L<«99%mm^ 
hVTvh*} <Dm&&mMU ^ofiJi^W^W <o/ omm > -e^j^So 
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[0024] Wb9] 



[0025] *fc. ^yy^ra^isr^yy y^y^-irte, (i) ©ill ( 

^KjirV^)^@bT, hyr^K^^l^lil^LT, ^y^;/K©5^T-fy^y^- 

5/y^^5/K^#J-^^bfctO-e$>l9, ^<Df iJ^B^W ' %mmmm' "C^^ 
[0026] (I) (Dmm<DT'(yW?isT'(— 

— #^tLS-ryyV^^m^#:(DNMR^-<yh/^— ^ (|ftL<{4 13 C-NMR) 

[0027] ^P^(D^y^V^m^#:oTO^i«fiM^§^, 4> 
3o ^*5#:W^*^-hPS«#^^^$^V>^^ g^i:bT600^^T-efe«9 



— c-c- 



c-c- 

H I 



R 



1 



R 



1 



-c-c 

i i 
H H 



-c-c- 

ii 



-c-c— 



-c-c— 



R 



— c-c- 

I I 
H H 



-c-c- 



-c-c— 

I I 
H H 
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#5 0 GPcm^xmrni^tcWc^^A^Mmu mz.&g 

PC$iJ^|£g(TOSOH HLC 8220 GPC)SrfflV>TSJS-fS-^* s "e#5o 
[0028] *36W©>fy^V^5Rm^flc©^i^* (Mw/Mn) fcfc, ii^«6J^T, 0*L<f* 

A#*£rSc9feU #!JxJiGPC$9^£M(TOSOH HLC 8220 GPC) £rffll^-C$9^i- 

[0029] ^mw&^y^u^mm&m^ fcmr.w&&$r£m- r^/vh^/vs^t* 

[0030] ^B^cD^y^v^m^f*^, mm&mz4oWi<D^ &w&m>^ttz> 0 
^(Dms&n&w-bvxn^ m^u^y^^b^y^^^(D^y^>m\:^m 

mt^mtm^y^— (y^h>, ryv^m^T/^b^^t?) b<D&m&ft-et> 

[0031] <*mw<D4y-y'is^m&fc<DwmjT$k> 

*mw<Ds(y-y'ui/%kn&m^ rts-^(x) -vm^ti^^yzfu^^t^^ 

[0032] Mb 10] 




• • • (x) 



[0033] *mmm^m^m^x4y7°i-^ik^&m&ir%jjmn, mm&m. 
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mm&mx&% 0 mm^mmn. »^<n^^^w^mmxh^ 0 &e> 
[0034] mm^^^mm^i^^^m^m^m^^mtir^^m^m^ 

7>^/-fKl57tii<^T n^M^ir^o ^tt>mVfb\^ WMi5tiX\^X^& 
[0035] iifTfa^n-fe^#£#:te, £?) Jlrfrl&fcfSTiB— (A) "e^^^if f*3Wl£U/ N 



7;v^H** L, R 7 fiT/v^/i'&Sr* U R 8 (±7 U — fc{i7Vi^/vS£-^ UTHF 
-To) 



[0037] ffna^jt^CA) fc:fctt5Mttffift©*±!B^JR7C3R"^ab5tf3, 0*b<tt^^^ 

j*x&% 0 

[0038] — (A) ^*D(t^R 3 -R 6 «**i^^^c^T7V=3r/VK-efe?)^ N ^tti^fuom. 



[0036] [>ffcll] 




(A) 



R' 
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/v^y/v) ^^/vs^fc^v 5 (hyr/v^/v^y/v) ^/v^xm, m^v/^m±<D3 

[0040] —m^, (A) fc&tfZZfeVT/Vlc/V^yul/m. i?T/V3c/V^?V^^?7J>®m& (- 
Ge(alkyl) -) x ^tli-i^U^Xh^, m^T;^;V^)U^m^t'\^JT;V^/V 

2 

[0041] (a) (c*3itsx», mmw,^ (n) , y mjic^ (p) . mw,+ (as) ©v ^ti^ 
& vry— ;vsxiiT;^/H^to fiery— /vs^l-to^^/i^w^u 

ry— ?vb\,x&ii^\^<DfemmM(D-7^/v^ i—3mn&<vT/^/vm$:^i-z>-7 

[0042] — ^(A) {£*3*t5n, i-^^^THFlE^(Dj@m«0-2-efc«9#^^\ cp>^ 

[0043] _hfE-^ (a) xm^ti^ mt. mmm^ti^x^vxhxv rjm^w-t 
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^y^^wm^w-(om^^m\cm\^hf^>mw- (a) (b) <o£ot^mmw-h\, 
wmtmfo&mmrrz^b&xzztmz-btiZo 



JR^C (B) R 3 ~R 8 , M, X, Z, nte, ^tim~K (A) ^fcttSfe© 



[0045] -m^: (a) -e^^tt^lf f*», 0tlx.^TIE(D^=ar— J»Km<>xm£i1r%^b&"Sm 

tr^^^i^^-^j^^oV^T^, Tetrahedron, 59, 10525 (2003)^>#Hfl 2003-1 



[0044] Mb 12] 
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[0046] Mb 13] 



(a) M (CH 2 TMS) 3 (THF) 2 + (C 5 Me 4 H) SiMe 2 XHR 8 

»- (C 5 Me 4 )SiMe 2 XR 8 MCH 2 TMS(THF) 



(b) MCI 3 + (C s Me 4 )SiMe 4 (XR 8 )Li 2 — ^ (C 5 Me 4 )SiMe 2 XR 8 MCI(THF) n 

TMSCH 2 Li a 
— — (C 5 Me 4 )SiMe 2 XR MCH 2 TMS(THF) n 



[0047] m&<»x5\c., *mw(D4yzfu^m&fc(Dm^mi£mv^ti%m^Mfe, 
[0048] mtmm^^ti^^m^^mm\^r-^tvx^ m%.&. 4m<D 

1^— k^h^O^y/i^V— k (hy^—zv, ^/$~7?vjrn~7^~)V)^— k [h 

[0049] IfJIBtt^^^tT^^^b^O^^^^bTri, #/V:fe?-k#^->\ 

^-dry-r>A^^v N T^e^A#^^ *;*^<>A#^j-^ ^n^^MJ 

-e#3 0 TV^?A#^^cDji,#:»bTte\ hy^^T^e-?^^^ hy 
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[0050] i-5fct?*>, MfB^fr^tkffr&^&fcLT, BufBb/c^ga^teT^^^J;^^^-^ 
x (-O^y/v^rny^/v) ySu—hteHfim^&nZo <4&>&fc&VotelM&^^ 

^>'vm&&mik^%^f&x%%/^xmt^x, bcc f ) % akc f > 

6 5 3 6 5 3 

•So 

[oo5i] *&w<Dm&fa<D$miz%fi<^x, iftmft±m*&v±^m*.&M(om&m^z> 
[0052] ^mm(D4yy°^>-^m^(Dmm^f^m^mm^^n^^>mt^m 
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[oo53] ^w©m-a^©3S5t^!:fflv^fe^^5m^^fett, ^ws^fe, imtti^ ^ 

*fc, fflv^5^tf>*te, m^lRt;^&h^#g#£>»g£o. 001-0. 005 

[oo54] *mm<Dm&&m&m&-Tffi5m&<nm&m.&te, am^nm, mkf-ioo- 

lOor^iSH-^TV^o M^-«25°C^T, 0*Ufiot«T, J;9#mXfcfc-io 
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[0055] m^#r^f*. mx.mo^-ioomr^u&-vh<o, mm^i^m^L±, 

[0056] ECJfcZk (A) , ^I/yft^ (X) *5 «fctf0*L< U^iy 

mmjxn&Kfo&ft?b. nhfi^yy^>^m^<D^m^^mit, » 
[0057] m^s^^Bf fetvm&mz-mvtc^ ^<Dm^w±m (m^BHT(2,6- tr^ 
[0058] ^mm^y^^m^-m^ 'h-nmrm^ 13 c-nmrm, GPcmKxz 

JNM-AL-400RN^ffl V ^Xt%ft%r&ftyZ.b&X%% 0 titc £ 

3 

[0059] ^mm<D^yzfu^m^w<D, -m^(i)^mt5n%m&mmA-mm<D^u 

m&K&tf&m&fe, WT^IS^n^CiS^CW. M. Dong, T. Masuda, J. Polym. Sci., 
Part A: Polym. Chem., 40, 1838(2002), A. S. Khatchaturov, E. R. Dolinskaya, L. K. 
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Prozenko, E. L. Abramenko and V. A. Kormer, Polymer, 18, 871, (1976)) <D fE^^ 

[0060] «0j(D/ry^v^^m^#:^^*tL§-^ (i) -emztizMmm®. m 
5t^^(i))<Dia^j(DT^y^^>^-r— r±, NMR^^yb/v-r 1 — y^^sr^ 

(I) (D#J^^99. from&&& (0 (DlB^!l(DT-ry^^^-^^— 

^80%mmT^M'^#:C0 1 H-NMR^tJ« 13 C-NMR(Dll!j^^-^— ht?fe5 0 HI3.&.U? 
g|4(c:*3V>T^ T^y^y^^hyT5/K(mm) ^Offi, -^nyy 

^s^MJTyKGnr) l!l»JR$tt5tr— ^^V^-^-^^y^WJTyK (rr) fciHtJR&ft 

^*5it§«itW(l)(D*iJ^^99. 9%-CfeoT, d^O«3g^ffi (I) <D&m<0 T^V? 
y^-v-^-r— ^ > 99%mmmm-efe§fi^#:(D 1 H-NMRS.tF 13 C-NMR(DS!j^^-r— h 

yhyr^K(mr) ^'j§M£*v5t "-y^y^yy^yhyr^KCrr) KMmzti&t 0 

—fffimtm&lSOt^ZLb&frtto T^JZ^vVYVTyY (mm) iCftJR 

$tb«tf— yb, oi^^j^T^yyy^y^yy5/K(mmmm) Kmm&tiz>z.ttft> 

(i) (DgH?ij(DT-ryy ^f^-^^s^ t&-e%% 

o 

MM 

[0061] j^t, ^mw&mmfflfcxvtsbfcMcfcmmwirztiK ^mm^mmnrm^ 

yn— y^Vy^ (Mbraun glovebox) tpt?, 77^=* 
^*/ttt^3tl#ffl^CT"XMfofc 0 T/K^VfiK^fyy— ^#7^(4A molecular 
sieves, Nikka Seiko Co.)£#J*yy— VGC-XR#9A(Nikka Seiko Co.)^ilbTftM 
Ut, yn— y#^y^cp(D^K5>^J:U ? ^#«02/H20 Combi-Analyzer (Mbraun)^ 
i^^^lppmJ^Ti^oTto NMRfa-^liJ Young valve NMR tube (Wilmad 
528-Y)£M£fBUfco *mS^!l"CfflV^c^^(Hexane, THF, Et2Q, Toluene, Benzene 
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Lfct><D£H£JlLfc 0 ^.tfcm&H- NMR, 13 C- NMR (JEOLMJNM-AL 400RN) , GPC 
(TOSOH HLC-8220), UV(SHIMAZDZU CORPRATION UV-PC SERIES 

uv-2400pc/uv-2500pc) , xm$&W£Mtt\z£Vmi£Ut, Tcmfttirte. mit^ 
[0062] <MMMi> 

^^#ffl^T. [Me Si(C Me )(PCy)YCH SiMe ] (0.024 mg, 0.025 mmol) $o£Xf 

2 5 4' 232 

yfy^U> (1.022 g, 15 mmol 600 eq.) ©^PP^yfy (10 ml) [Ph C][B(C 

3 6 

F ) ] (0.023 mg, 0.025 mmol) O^nn^yfy (5 ml) ~20°CX\ ^b<Jt# 

5 4 

^lk#), ^HS:^ft<^i£^*3«tOTHT (butylhydroxyltoluene)^-a-tf^:M»^^y— 

24mm. m)±rx50°cKx^m^tc o 

^btltctfV~^—(DUA:0. 41g(lR^:40%) 

3, 4-mnm^m^miRm:99. 9% 

T4V$V^-\St4— : >99%mmmm 
Sfc¥*&^S:7. 4X10 5 
6 

ite^l^^fc^l^o'H-NMR^^h/^^VNMR^^h/l^t 

— hSr, Hi^02^i- O 

[0063] <^Jfe^!j2> 

H»>Il^*5^SJSM^-20 o C^^-l0 o C^^Sb, SJ&R#W«r24H#Wa>£> 

(DlDl*:0. 61g(JR^:60%) 
3, 4-#^JP«}t^(Djl^:99.9% 
T4y$?^yy-4— : 96%mm 
§W£f5H^*:3. 7X10 5 
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[0064] <MMMs> 

&btvfctf!)^—<D%im:0. 77g(iR*:77%) 
3, 4H««^^W^:99. 7% 
T^yWJ-^A— : 96%mm 
#:W^*:5. 7X10 5 
3H^*#*:1. 6 
[0065] <mMM4> 

mmmuztetf%£imnm&-2o°cfrh25°cicm^, E0&mm&24m3frh2 

%hfltz.^)^— <DI&m:l. 02g(lW:100%) 
3, 4-tf1X\m&mtiL<Dm$im:99. 3% 
TJVWf^rj— : 80%mm 
6X10 5 

[0066] < M1M&}5 > 

mMim^tetf&£ijfcum&-2o o cfrb25 o ciz.m^.u Rit^m^24mm^b2 

mhtvkJ$V^—(DUm:2. 04gODl^:100%) 

3, 4-mnm^m^mnm:99. 3% 

T4VW5-*ST4— : 80%mm 

#:W^»:3. oxio 5 
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[0067] < > 

mMMiKtetf%Kfonm&-2o o cfrh25°cicm^.u Ks^mm^24mm^h2 
H#ng«Mu -ry^v^^i.022 g ^^4.o88 g\z.m^W'^-tmm^ %mmitm 

Uhtvk.m^— (D&m:3. 00g(W:75%) 

T^yWJ-i/'TA— : 80%mm 
#:¥^^-*:5. 0X10 5 
3H^*#*:1. 8 
[0068] <MMM7> 

^t#B^CTs [Me Si(C Me )(PCy)YCH SiMe ] (0.024 mg, 0.025 mmol)£[Ph C] 

2 5 4 ' 2 3 2 3 

[B(C F ) ] (0.023 mg, 0.025 mmol)(Dy ntz-^irV (10 ml) WmXC -iV^V^ 

6 5 4 

(0.511 g, 7.5 mmol, 300 eq.) ©^ap^yfy (5 ml) MWL%:. ~20°CX\ #L<^# 
Ufcj&Skii&TUfco KJS^-20°C-ei6B#P^^To/c 0 ^(Z>iL ^/—^&Mz.XM-& 
^^i^^^&J^BHT (butylhydroxyltoluene)^^^:^^^^/— 

&u 24mm. uf±TX50°c\zx^m^tc o 
nbntc.y$v^— (Di&m-.o. i69 g ow:33%) 
3, 4-mnm^m^mnm:99. 9% 

T^y$?=f-*S*r4— : 99%mmmm 
GPCCte.£AT<^0(Z>t 0 — ^mM^thfCo 

Wc^m^m:l. 9X10 6 (^*^*:1. 3\ 2. 3X10 5 (^*5>*:1. 5), 1 
. 3X10 4 (^fi#*:l. 3) 
[0069] < > 

Si#H^T> [Me Si(C Me )(PCy)YCH SiMe ] (0.024 mg, 0.025 mmoO^/Vi? 

2 5 4 2 3 2 

y (myrcene) (2.044 g, 15.0 mmol, 600 eq.)COynn--<^ifV(10 ml) [Ph C] 

3 

[B(C F ) ] (0.023 mg, 0.025 mmol)(Dy tm-<^if>- (5 ml) ^UXWcV<ffiW 

6 5 4 
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Z.tl&'PM<D&&$5£T$BWT (butylhydroxyltoluene)^t?^:*<D^^y— /l^g 

&t>tVtetfV -v— (DI&M. : 1.980 (l&m : 97%) 

T^y??^^— : 99%mm 

iW^H^i:8.0X10 5 

5H^*#*:1.7 

[0070] *&m<Djy7u>% t m&fcteTjy#?^iSTj—i>m<. tj^ffy^nrntfy^: 
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m^mm 



R 1 




• • • (I) 



[5] WC^^&^5, 000-6, 000, 000-efe§^i:§r#mi:i-?). ff^ll— 4<D^ 

[6] rte-i^ (x) x»mt5ti%4 yyv>^bi^», rm-^ (a) xmztizmfo 

Mb2] 




• • • (X) 



(— ^(x) ^,R 2 m%mm. i ~ i o or^^/i-£*fcttr/^^--/vs%^i-c) 
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R 4 




• • • (A) 



7;i/^;vI^L, THF fifh7t Ko7 7^SH&^lr^L, n fi 0 a* £» 2 <£> 

[7] ttrea — ^ (x) iz&tfZR 2 &^/i>m-v3bz > zk&mkk'rz>, n#&6\z.mm<D 
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